Various types of irrigation and drainage systems, including a recycling irrigation system that uses a dual -purpose canal, separate irrigation and drainage canals, and a pipe irrigation system, form unique features of the water environment on the coast of the Ariake Bay, Kyushu, Japan 
However, as awo water intake depends entirely on tidal and hydrological conditions, this method is inconvenient, and water shortages often occur. Thus, farmers have developed a highly intense recycling system for paddy rice irrigation that uses creeks as irrigation and drainage canals and reservoirs. The water recycling system has caused deterioration of the water environment in rural areas and siltation in creeks, which might explain the malfunction of water flow Yamamoto & Shiratani 1987 . Especially in rural areas along the Ariake Bay coast where the water stays for a long time, the water environment is becoming increasingly polluted by an increase of inflowing pollutant load from cultivated land, farm yards, and domestic effluent. In recent years, the Chikugo -ohzeki head works has stabilized the water supply, allowing the irrigation and drainage system in the area to be restructured.
Our objective is to clarify the effects of cultivated land on water quality in these rural areas, and to suggest strategies for conservation of the water environment on the coast of the Ariake Bay.
Roles of cultivated land in the water environment
The major proportion of land in rural areas of Kyushu is occupied by paddy fields, upland fields, irrigation and drainage facilities, and wetlands. Although many previous studies e. g. Tabuchi 
Nitrogen purification in paddy fields and wetlands
Paddy fields remove nitrogen N when the irrigation water is highly contaminated with N e. g., Miyoshi 1978; Kunimatsu 1983 . Shiratani et al. 2004b reported the relationship between N removal in a paddy field in which N fertilizer was applied at a standard rate of 70 to 100 kg ha and the N concentration in the irrigation water. This is shown in Fig. . The rate of N removal through a water area that has T days' retention time can be defined on the basis of eq. 2 , and mathematically approximated by using an infinite series and omitting the terms higher than the 2 nd order:
where D N removal rate g m d and C N concentration of inflowing water mg L . When we take C in eq. 3 to be the N concentration of irrigation water, eq.
3 is similar to eq. 1 .
Rate constants of N removal in paddy fields where no fertilizer was applied and in wetlands, based on eq. 2 or 3 , are listed in Table 1 
Nitrogen pollution by upland fields
The amount of N discharged from upland fields and orchards depends on the amount of applied fertilizer.
Approximately 30 of N applied in fertilizer could effuse out of the field Takeda 1997; Shiratani et al. 2004b .
Nitrogen flow through cultivated land in Japan is shown Shiratani et al. 2002a In dark room, 25 Creek sediment Tabuchi et al. 1993 In dark room, 20 Paddy field soil Since 1995, the Chikugo -ohzeki head works have supplied water at a maximum rate of 3.0 m s , almost as much as the awo water intake supplies, making up the water shortage during the irrigation period.
D
In the Kase -sourced area, the Kase irrigation system, built in 1980, supplies enough irrigation water to irrigate the 11,000 ha of paddy fields there.
The Shiroishi Plain has suffered from water shortages for hundreds of years, so farmers draw irrigation water from small reservoirs and ground water, and intensively recycle the agricultural drainage. Annually more than 10 -15 million m of ground water is pumped up, but this has caused serious subsidence of 3 -5 cm year Tanaka 1989 .
In the Yabe -sourced area, the Chikugo -sourced area and the Kase -sourced area, the main summer crop is paddy rice, and winter crops are barley and wheat. In the Shiroishi Plain, the main crops are paddy rice or onion in summer, and onion or lotus root in winter. from the area is small, so the agricultural impact on the water quality at the periphery of the agricultural area might also be small.
Southern coast of the Ariake Bay
Rushes are grown on the Yatsushiro Plain on the southern coast of the Ariake Bay. As 640 kg ha of N is applied and a large amount of N is effused out of the rush fields, this crop is one of the major pollution sources in the area. 
Practical use of N removal in paddy fields for reduction of N load inflowing to the Ariake Bay

Recycling of gray water
In areas along the coast of the Ariake Bay where irrigation water is insufficient, a unique irrigation system called 'paddy rice cultivation by creek' has been developed. Farmers dug creek networks and used them as irrigation canals, drainage canals, and regulating ponds. Drainage from paddy fields and homes in the area was stored in a creek and reused for irrigation. This system was effective at purifying water before it was discharged into rivers.
Most domestic water is now supplied from taps and drains to sewage works. The sewage works planned around the cities of Kurume and Saga will discharge effluent from more than 500,000 people at over 1.7 m s , with no reuse.
To make better use of the limited water, it might be necessary to build small -scale sewage plants that make use of the ability of paddy fields to purify water. Although problems such as heavy metal contamination need to be solved, small -scale sewage plants have potential for water recycling because of ease of control. Kunimatsu et al. 1998 reported that the concentrations of Cd, Cu, Zn, Pb, and As in the harvested rice grains produced in a paddy field irrigated with effluent from a rural sewage treatment plant did not increase. 
Recycling of paddy field drainage
As described above, paddy fields rarely purify water when the N concentration of the irrigation water is low. In that case, recycling of the paddy field drainage within the paddy field area, which could reduce the amount of field drainage and raise the N concentration of the irrigation water, is effective at reducing the effluent load in the area.
We developed a mathematical model to simulate water and nutrient flow in four 100 -ha paddy fields with irrigation canals, drainage canals, and a regulating reservoir That is, a unit area of paddy field could purify N -polluted drainage from 3.65 times that area of upland fields.
However, in reality, there are problems to be solved before we can apply this idea at actual sites. Although large upland field drainage occurs over a couple of days after rainfall, paddy fields never require irrigation water on those days, so we cannot directly recycle the field drainage for irrigation of paddy fields.
To solve this, an irrigation, drainage, and storage system is required. The system should have an adequate scale of regulating reservoirs to regulate the timing between upland field drainage and water requirement in paddy fields. Of course, consistent 100 reuse is not achievable.
Conclusions
We have explained the roles and features of agricultural areas in the water environment on the coast of the Ariake Bay, and suggested that recycling and reuse of agricultural discharge, including field drainage, and domestic and industrial drains for paddy irrigation can reduce the environmental impact on the periphery of an agricultural area.
However, the water environment in the paddy area deteriorates as pollutants accumulate with intensive recycling of run -off.
Water has multiple uses, including irrigation, conservation of rural amenity, bio -conservation, and household needs. Conservation of the water environment is essential for sustainable development of rural areas. Suitable water environments for respective water uses need to be clarified, and innovative water -use systems need to be developed to achieve a good rural environment.
